Much uncertainty remains about the type of sunlight exposure that most increases risk of cutaneous melanoma and the role of diet. The authors conducted a population-based case-control study (1986)(1987)(1988)(1989)(1990)(1991)(1992) of Caucasians living on Oahu, Hawaii; included were 278 cases and age-and sex-matched controls. Plasma samples were measured for retinol, carotenoids, and alpha-tocopherol by high-pressure liquid chromatography. Selenium was measured in blood and toenails by neutron activation. Celtic and English ancestries, migration to Hawaii before age 20 years, fair complexion, inability to tan, and family history of skin cancer, as well as height, hours spent in the summer sun, blistering sunburns during adolescence, and moles, all increased melanoma risk. With regard to diet and biomarkers, only alcohol was associated with risk. The odds ratios for increasing tertiles of lifetime ethanol intake were 1.0, 1.2 (95% confidence interval (CI): 0.6, 2.2), and 2.3 (95% CI: 1.2, 4.4) (p for trend ¼ 0.01) for men and 1.0, 1.1 (95% CI: 0.5, 2.4), and 1.7 (95% CI: 0.7, 3.8) (p for trend ¼ 0.19) for women. Dietary lipids were unrelated to risk, but polyunsaturated fat intake appeared to modify the effects of alcohol and toenail selenium on melanoma risk. These data provide additional evidence for the association of constitutional susceptibility factors, intense sun exposure (particularly before age 20 years), and alcohol consumption with melanoma risk.
There is considerable evidence that sun exposure plays a major role in the etiology of cutaneous malignant melanoma (1, 2) . Among fair-skinned populations, melanoma incidence is strongly influenced by latitude (2) . Fair complexion and propensity to sunburn are major constitutional risk factors for the disease. Various questionnaire assessments of sun exposure have consistently shown positive associations with melanoma risk in observational studies (2) . Moreover, ultraviolet (UV)-specific mutations have been found in tumor suppressor genes (e.g., p53, p16), which appear to play a role in melanoma (3, 4) . Finally, melanomas have been induced with UVB radiation in human skin xenografts in mice (5) . However, there is still considerable uncertainty with regard to the timing and pattern of sun exposure (intermittent or chronic) that increase risk the most. Studies of migrants to Australia and California have suggested a critical role for childhood exposure (6) (7) (8) , but data are still limited. Studies conducted in Australia have also shown a dose-response effect with cumulative sun exposure (9, 10), whereas those conducted at higher latitudes (e.g., in Canada and Denmark) have suggested a predominant role for intermittent, intense sun exposure (11, 12) .
The difficulty in precisely defining the sunlight-melanoma relation may come from the existence of modifying factors. Diet is one possible such factor that has remained relatively unexplored despite suggestive evidence from experimental studies (13) . Retinoids are known to inhibit growth of murine and human melanoma cell lines (14, 15) .
Dietary antioxidants, such as carotenoids, tocopherols, and vitamin C, have been shown to protect mice against UV carcinogenesis, possibly because of an umbrageous effect, quenching of free radicals, and/or enhanced immunocompetence (16) (17) (18) . Vitamin C and alpha-tocopherol have been shown to act as growth inhibitors in melanoma cell cultures (19, 20) . In contrast, a diet rich in polyunsaturated fat (PUFA) has been found to potentiate formation of UV-induced tumors in mice (21) , and a high-fat diet given to hairless mice seemed to eliminate the ability of beta-carotene to inhibit UV carcinogenesis (22) .
The human data on diet and melanoma are still limited. Although trans-retinoic acid has been used topically to treat melanoma (23) , epidemiologic studies have usually not found intake of retinoid-rich foods (24) (25) (26) or plasma retinol (26) to be associated with the risk of melanoma. Similarly, no clear relation has been found between melanoma risk and dietary antioxidants or PUFA, although the suggestion of an inverse association was observed with carotenoids, vitamin D, and alpha-tocopherol intakes in past case-control studies (25) (26) (27) . Vitamin C from foods was found to actually increase the risk of melanoma in the Nurses' Health Studies I and II, especially among higher risk sun-sensitive women (28) . In another prospective study in Norway, cod liver oil and PUFA intakes were associated with an increased risk, and drinking coffee with a decreased risk, of melanoma in women (29) . No association was present for men (29) . Finally, a direct association has been observed between alcohol consumption and risk of melanoma in some studies (26, 27, (30) (31) (32) , but not in others (25, 29) .
In an attempt to further clarify these relations, we conducted a population-based case-control study among Caucasians living on the tropical island of Oahu, Hawaii. A majority of this population is composed of migrants from the US mainland and experiences high rates of melanoma.
MATERIALS AND METHODS
The protocol for this study was approved by the relevant ethics committees, and we obtained written informed consent from all participants. Patients for this study were identified through the rapid-reporting system of the Hawaii Tumor Registry, a member of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program. Eligible cases were all Oahu residents diagnosed in 1986-1987 (prevalent cases) or newly diagnosed during 1988-1992 (incident cases) with a first histologically confirmed invasive or in situ malignant melanoma of the skin in the nine major hospitals of Oahu or in dermatopathology laboratories. Only those subjects with four grandparents of pure Caucasian origin were included. Patients with a previous history of melanoma or who were less than 18 years of age or more than 79 years of age at diagnosis were excluded. An interview was completed for 67.5 percent (167 males, 111 females) of the eligible cases. Reasons for nonparticipation included death before contact (3.8 percent), refusal (10.6 percent), severe illness (1.4 percent), physician refusal (1.4 percent), and inability to locate (15.3 percent) . The median interval between diagnosis and interview was 12 months (interquartile range, 7-24 months). A fasting blood sample and toenail specimens were collected from 92.1 percent and 84.5 percent of the interviewed cases, respectively. Pathology slides were reviewed by a single pathologist who confirmed the diagnosis among the 85 percent of the cases for whom pathology slides were available.
Controls were selected randomly from a list of Caucasian Oahu residents interviewed by the Hawaii State Department of Health as part of a health survey of a 2 percent random sample of state households that took place annually during the same period as case identification. One control was matched to each case on sex and age (AE2.5 years), and race was confirmed as Caucasian for each grandparent. The overall participation rate for the controls was 60.6 percent. Reasons for nonparticipation included refusal (15.2 percent), inability to locate (21.7 percent), serious illness (1.3 percent), and death (1.1 percent). A fasting blood sample and toenail specimens were obtained for 92.8 percent and 84.5 percent of interviewed controls, respectively.
In-person interviews were conducted during the period 1988-1992 at the subjects' homes by trained interviewers. Generally, members of a case-control pair were interviewed by the same interviewer. The questionnaire included detailed information on demographics (including birthplace, age at arrival in Hawaii, and grandparents' country of origin), propensity to sunburn and ability to tan, numbers of episodes of blistering sunburns during different periods of life (ages 0-9, 10-17, 18-29, and !30 years and the 5 years prior to diagnosis (cases) or the past 5 years (controls)), numbers of hours spent in the sun in a bathing suit and light clothing in the summer during various periods of life (ages 8-10 and 20-24 and the past 5 years), history of vacations during which extensive sun exposure occurred, residential history, freckling patterns at different life periods, and lifetime smoking and alcohol use as well as a quantitative food frequency questionnaire containing more than 200 items (33) . In addition, the interviewer assessed the skin color of the left upper inner arm with a skin tone template (34) and counted all raised nevi palpable on both arms that were larger than 2 mm. Subjects were also asked to identify their hair color at age 18 years by selecting a swatch of hair of the same color. Weight (in light clothing) and height were measured to the closest kilogram and centimeter, respectively. The subjects were also instructed on how to count moles on their entire body (successively, all moles, and those 5 mm or larger) following a structured protocol with a mirror. They were given a form providing step-by-step instructions for the mole count that 88.5 percent of the subjects filled out and mailed back.
As part of the interview, subjects also reported their average frequencies of consumption and average portion sizes of those foods eaten at least 12 times during the past year. Colored photographs of most food items, showing three different portion sizes, as well as measuring cups and spoons, were used during the interview to facilitate quantification of intakes. The food composition data were based primarily on the nutrient database of the US Department of Agriculture (35) and were supplemented with data from other primary sources and other research and commercial publications. Participants were also asked about the use of vitamin and mineral supplements during the past year, including vitamins A, C, D, and E; beta-carotene; calcium; iron; selenium; and multivitamins.
Blood samples were processed within 2 hours of collection, and the blood components were stored at ÿ80°C. Plasma samples were protected from UV light until measurement. Plasma carotenoids and vitamin C were determined by validated high-pressure liquid chromatography and colorimetric assays, respectively (36) . To measure total selenium, whole blood and plasma specimens were transferred by mass (range, 0.05-0.2 g) to selenium-free high-density polyethylene vials having a capacity of approximately 0.5 ml. The samples were air dried, capped, and irradiated for 5-10 seconds at a neutron flux of approximately 8E13 n/cm 2 per second to populate the Se-77m radioactive state (half life, 17.4 seconds). The irradiated samples were transferred to a high-resolution gamma-ray spectrometer, where the photon emissions from Se-77m were quantified. Selenium concentrations were determined by standard comparison. The same procedure was used to measure protein-bound selenium in serum or plasma except that the sample was first dialyzed through a 12,000-Da cellulose membrane against 18 mega-ohm water at 4°C and then lyophilized. The method used to analyze the samples in this study was a modification of one described by McKown and Morris (37) . Erythrocyte selenium was normalized to sex-specific average hematocrit values by using the following equation:
Se(E) is the selenium content in the erythrocytes from 1 ml of whole blood normalized to the overall mean hematocrit; Se(WB) is the selenium concentration in 1 g of the wholeblood sample; d(WB) ¼ 1.058 g/ml and is the density of whole blood; H is the hematocrit as a decimal fraction; H(mean) is the sex-specific average hematocrit; Se(P) is the total selenium concentration in 1 g of plasma; and d(P) ¼ 1.027 g/ml and is the density of the plasma sample. For statistical analyses other than those including laboratory data, we used conditional logistic regression models to compute odds ratios and 95 percent confidence intervals for tertiles or quartiles of the exposure variables, with adjustment for covariates. Separate models were run for males and females. Dose-response relations were tested by including in the models a trend variable, assigned the median value for each quantile. Blood and toenail samples were not obtained for all subjects; therefore, for analyses using plasma variables and toenail selenium, unconditional logistic regression models were calculated by using data for all available cases and controls, adjusting for the matching criterion age. The regressions were repeated by using conditional logistic models for the complete case-control pairs with specimens. The estimates between the models did not differ significantly, and only unconditional logistic regression models are reported in this paper. Nutrient intakes were adjusted for calories by the method of residuals (38) .
Grandparents' ancestry was modeled as four variables representing the summary categories: southern European, English, Celtic (Welsh, Irish, or Scottish), and western and central European. A weight of 0.25 was assigned to each grandparent's reported nationality, so the sum across y Total numbers of subjects vary because of missing data. z Odds ratios (ORs) and 95% confidence intervals (CIs) were adjusted for height (continuous), education (high school or less vs. more than high school), and alcohol drinking status (indicator variables representing categories in table 1) by using conditional logistic regression.
RESULTS
The mean age at interview was 53.7 years (standard deviation, 15.0; range, 22-81) for cases and 52.1 years (standard deviation, 15.0; range, 19-83) for controls. Ninetythree percent of our subjects were born in the United States. The location of melanoma in cases was as follows: malestrunk (53.3 percent), head and neck (19.8 percent), arms (15.6 percent), and legs (11.4 percent); females-legs (34.3 percent), trunk (34.2 percent), arms (19.8 percent) , and head and neck (10.8 percent). Sixty-two percent of the cases had an invasive tumor and 35 percent an in-situ melanoma (for eight cases, stage was unknown). The histologic type distribution among cases was as follows: superficial spreading melanoma, 53.2 percent; lentigo maligna, 21.9 percent; nodular melanoma, 3.2 percent; not otherwise specified, 20.1 percent; and other, 1.6 percent. Table 1 presents the distribution of cases and controls by demographic variables, smoking and drinking status, and body size, separately for each sex. Based on grandparents' ancestry, cases, compared with controls, were more likely to be of English, Celtic, or western or central European origin and less likely to be of southern European origin. Cases were not more likely to be born in Hawaii. When the melanoma risk of migrants was compared with that of Hawaiiborn subjects by age at arrival in the state, in both sexes, the highest risk was observed for those who moved to Hawaii before age 20 years, although these increased risks were not y Odds ratios (ORs) and 95% confidence intervals (CIs) were adjusted for height (continuous), education (high school or less vs. more than high school), hair color (refer to the categories in table 2), number of blistering sunburns at ages 10-17 years (continuous), ability to tan (refer to the categories in table 2), and lifetime ethanol intake (continuous) (except ethanol and lifetime ethanol) by conditional logistic regression. Nutrient intakes were adjusted for energy by the method of residuals except for lifetime ethanol (drinks/week 3 weeks).
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Am J Epidemiol 2006;164:232-245 statistically significant. Numbers of years lived in Hawaii was directly associated with risk for men only. Proportion of life lived in Hawaii was not associated with risk for either sex (data not shown). For both sexes, cases were also more likely to have some college education and to drink alcoholic beverages regularly. No clear association with smoking status, pack-years of smoking, or weight was observed. However, for both sexes, height was directly associated with risk in a dose-dependent manner, with odds ratios of 2.5 (95 percent confidence interval: 1.3, 3.5) and 4.4 (95 percent confidence interval: 1.7, 11.1) for the fourth compared with the first quartile in males and females, respectively. Risk estimates were also computed for body surface area f[(weight in kg) 0.425 3 (height in m) 0.725 ] 3 71.84g, but they were found to be weaker than those for height (results not shown).
The association of pigmentation and skin reaction to sunlight with melanoma is presented in table 2, after adjustment for height, education, and alcohol drinking status. Cases were more likely to have light-colored hair and eyes. Dark skin color was inversely associated with risk for men, whereas no association was observed for women regarding this variable. Among men, but not among women, cases had a greater propensity to sunburn when first exposed to summer sun. However, for both sexes, controls, compared with cases, reported a greater ability to tan as a result of repeated sun exposure. A family history of both nonmelanoma skin cancer and malignant melanoma in parents or siblings was associated with risk, although the odds ratios were statistically significant for women only. Table 3 shows the risk of melanoma associated with freckling and moles. For both sexes, cases were more likely to report more freckling at ages 12 and 25 years (data not shown) as well as 5 years ago. In addition, for both sexes, the number of palpable moles on the subjects' arms, as recorded by the interviewer, and the total number of moles self-reported by the subjects were strongly associated with melanoma in a dose-dependent fashion. The risk estimates were strongest for the subset of the self-reported moles that were 5 mm or larger. A personal history of nonmelanoma skin cancer was also associated with a threefold increase in melanoma risk for both sexes.
The association between measures of sun exposure and melanoma is presented in table 4. Taken as a measure of intermittent, intense sun exposure, episodes of blistering sunburns during childhood, adolescence, early adulthood, and the past 5 years showed some degree of association with melanoma risk for both sexes, although the most consistent dose-response relation was seen for ages 10-17 years. The amount of time spent in direct sunlight in a bathing suit in the summer was used as a measure of sun exposure at different periods of life (ages 8-10 and 20-24 years and the past 5 years). A pattern of increased risk was observed for each life period for both sexes, although the most consistent dose-response relation was found for exposure during the past 5 years. Finally, the lifetime number y Odds ratios (ORs) and 95% confidence intervals (CIs) were adjusted for height (continuous), education (high school or less vs. more than high school), hair color (refer to the categories in table 2), number of blistering sunburns at ages 10-17 years (continuous), and ability to tan (refer to the categories in table 2) by conditional logistic regression. y Odds ratios (ORs) and 95% confidence intervals (CIs) were adjusted for height (continuous), education (high school or less vs. more than high school), hair color (refer to the categories in table 2), number of blistering sunburns at ages 10-17 years (continuous), ability to tan (refer to the categories in table 2), total energy intake, and lifetime ethanol intake (continuous) by conditional logistic regression. of hours worked outside was not a predictor of risk for our population. Table 5 presents the melanoma risk associated with intake of calories and macronutrients, after adjusting for height, education, hair color, number of blistering sunburns at ages 10-17 years, ability to tan, and total number of moles. No association was found with calories, total fat, saturated fat, and monounsaturated fat for either sex, and with PUFA for males. There was a suggestion of an association with PUFA intake for women that did not reach statistical significance (p for trend ¼ 0.08). No association was found between melanoma risk and intake of omega-3 or omega-6 fatty acids (data not shown). However, a direct association with lifetime alcohol consumption was statistically significant for men only. This association appeared stronger for hard liquor than for beer or wine (table 6) .
The risk estimates for micronutrient intake and the risk of melanoma are presented in table 7. No inverse association was found for carotenoids, alpha-tocopherol, vitamin C, or retinol. Elevated odds ratios were found for vitamin E from supplements and beta-cryptoxanthin for females. Table 8 presents the results for plasma levels of vitamin C, alphatocopherol, carotenoids, and selenium and for erythrocyte and toenail levels of selenium. Direct associations were found for plasma alpha-tocopherol, alpha-carotene, beta-carotene, and beta-cryptoxanthin among males, and for vitamin C among females.
Odds ratios were also examined for food intake (data not shown). No association with melanoma risk was found for total vegetables, total fruits, tomatoes, carrots, broccoli, red meat, processed meats, fish, and coffee. Further adjustment for total number of moles did not materially change the odds ratios shown in tables 5-8.
Because animal data had suggested the possibility of a modifying effect for fat intake (22), we explored the interactions of PUFA intake, successively, with alcohol and levels of blood antioxidants after combining data for both sexes to optimize the sample size (table 9). Suggestions of an interaction were found for alcohol and toenail selenium. The increased risk of melanoma associated with lifetime ethanol intake was present only at low levels of PUFA intake (p for interaction ¼ 0.04). Moreover, a decreased risk of melanoma was observed with toenail selenium at low levels of PUFA intake; however, at high levels of PUFA intake, no association was observed with toenail selenium (p for interaction ¼ 0.07).
DISCUSSION
In this population-based case-control study of Caucasians in Hawaii, we found that height, Celtic and English ancestries, fair complexion, freckling, propensity to sunburn, inability to tan, number of moles, longer years of Hawaii residence, increasing hours of sun exposure, and family history of skin cancer all increased risk of melanoma. These findings agree with the well-established roles of constitutional susceptibility and intense sun exposure in the etiology of this cancer. The associations found with migration to Hawaii before age 20 years and number of blistering sunburns during adolescence also add to the evidence for the critical role played by sun exposure during childhood. The association with height, although less well understood, is also consistent with previous findings (39) and may reflect the increased surface area exposed to the sun (although estimates of body surface area did not better characterize risk in our study) or an unrecognized difference in lifestyle.
With regard to diet and melanoma, we had hypothesized direct associations with alcohol consumption and PUFA intake, and an inverse association with dietary antioxidants (13) . However, in our data, only alcohol was found to be clearly associated with risk. This association was first reported in an analysis of the Third National Cancer Survey (30) and was reproduced in most (26, 27, (30) (31) (32) but not all (25, 29) subsequent studies. Mechanisms for this association remain unclear, although a pituitary-mediated pathway has been proposed (30) .
Dietary retinoids and antioxidants have been shown to protect against UV carcinogenesis in in vitro and animal experimental studies (13) (14) (15) . Thus, we expected them to be inversely related to risk. Not only did we observe no inverse association with micronutrients but in fact we also found evidence for direct associations between melanoma and plasma levels of alpha-tocopherol, alpha-carotene, and beta-cryptoxanthin for males and plasma vitamin C for females. Consistent with our results, dietary and plasma retinol has not been found to be associated with melanoma in past studies (24) (25) (26) , although the Nurses' Health Studies I and II recently reported an inverse association between melanoma and retinol from foods and supplements (28) . Past epidemiologic studies have also provided no evidence (40, 41) , or only weak evidence, for an association of melanoma with carotenoids and tocopherols (25, 26, 27) . Consistent with the direct association between plasma vitamin C and melanoma risk for women observed in our data, the Nurses' Health Studies I and II also reported an increased risk associated with vitamin C intake from food sources, especially for higher risk sun-sensitive women (28) .
Although a PUFA-rich diet has been shown to promote UV carcinogenesis in mice, we failed to find a significant association between dietary lipids and melanoma. We are not aware of any previous studies that investigated the interaction between alcohol and fat intakes. Thus, our finding that the effect of alcohol was limited to subjects whose intake of PUFA was low is speculative at this stage and requires confirmation. We also found that PUFA modified the associations of toenail selenium with melanoma, with an inverse association being limited to those whose PUFA intake levels were low. This finding is consistent with the lack of inhibition of UV carcinogenesis by beta-carotene observed in mice when they are fed a high-fat diet (22) .
This study has a number of strengths and limitations. Careful attention was given to assessing constitutional susceptibility factors and sun exposure behavior throughout life, which may potentially confound the association with diet. This point is critical since, in the past, suntan and, in more recent years, sun avoidance is likely to be correlated with health behaviors, including certain dietary patterns. Although we were unable to blind interviewers to the case-control status of the participants, careful training and the use of standardized instruments minimized the risk of interviewer bias. In addition, since diet has not been included in past public health messages regarding prevention of melanoma, it is unlikely that cases had changed their diet because of the diagnosis or that a differential recall bias may have plagued the responses of cases and controls. We acknowledge that a large number of comparisons were made in the analysis. Thus, our findings should be interpreted with caution and in light of past findings.
In summary, these data provide additional evidence for the association of constitutional susceptibility factors, intense sun exposure (particularly before the age of 20 years), and alcohol consumption with melanoma risk. They do not support a beneficial role for dietary antioxidants against this disease, with the possible exception of selenium for those whose PUFA intake is low.
